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ABSTRACT  

The DC motor is widely applied in industrial systems due to its precise speed 
control characteristics. However, controlling the speed of the Moog C23-L23 
Winding 50 DC motor under various loads remains a challenge due to its 
nonlinear behavior and external disturbances. This study aims to design a 
Proportional-Integral-Derivative (PID) controller to optimize the speed control 
of the Moog C23-L23 motor by minimizing steady-state error and improving 
response time. 

The contribution of this research is the development and evaluation of a PID 
controller tuned using the Ziegler-Nichols method and tested through 
simulation and real-time implementation. The designed controller ensures 
improved stability and performance under varying load conditions. 

The methodology consists of deriving the transfer function of the motor system 
using system identification techniques, implementing a PID control algorithm, 
and conducting performance evaluation through simulation in 
MATLAB/Simulink. The motor's speed response is analyzed based on standard 
time-domain performance criteria, including rise time, settling time, overshoot, 
and steady-state error. 

The results indicate that the PID controller successfully regulates motor speed 
with minimal overshoot and fast settling time. The achieved accuracy 
demonstrates a significant improvement compared to the uncontrolled system. 
In conclusion, the designed PID-based control system is effective for dynamic 
speed regulation of the Moog C23-L23 motor and is suitable for industrial 
applications requiring precise motor control. Future work will include adaptive 
and robust control strategies to further enhance performance. 
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1. INTRODUCTION  

DC motors play an essential role in automation and 
motion control systems, especially where precise speed 
regulation is critical. The Moog C23-L23 Winding 50 DC 
motor is known for its high torque and efficiency, making 
it suitable for aerospace and defense applications. 
However, maintaining accurate speed in such motors 
becomes difficult due to nonlinearities, load variations, 
and parameter uncertainties. 

The primary problem in this study lies in the inability of 
open-loop systems to cope with disturbances and model 
inaccuracies. This often results in poor speed regulation, 
especially under dynamic loading conditions. Therefore, a 
closed-loop control approach is necessary to improve 
performance. 

The problem limitation in this study is focused only on the 
speed control of the Moog C23-L23 motor without 
considering thermal or long-term wear effects. 
Furthermore, the study is limited to implementing classical 
PID control and does not include advanced methods such 

as fuzzy logic, adaptive control, or model predictive 
control. 

The key contribution of this research is the 
implementation of a PID controller with parameters tuned 
using the Ziegler-Nichols technique, followed by 
simulation and analysis of the control performance. It 
presents a comprehensive method for obtaining the 
motor’s transfer function through experimental 
identification and using it as a basis for control design. 

Additionally, this study reinforces the effectiveness of 
classical control theory in solving real-world engineering 
problems. The use of simulation tools like 
MATLAB/Simulink also demonstrates how control 
strategies can be tested virtually before real-world 
implementation. 

To reassert the objective, this study aims to design and 
evaluate a PID-based speed control system for the Moog 
C23-L23 Winding 50 DC motor. The controller will be 
analyzed in terms of time response characteristics to 
determine its suitability for industrial deployment. 
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2. MATERIALS AND METHOD 
A. Dataset 

 The experimental data for the Moog C23-L23 Winding 50 
DC motor were collected from its datasheet, which 
includes parameters such as armature resistance, 
inductance, torque constant, inertia, and back EMF 
constant. These values are crucial for constructing the 
motor’s transfer function and conducting control 
simulations. 

Tabel 1. Parameters of Moog C23-L23 Winding 50 DC 
motor 

Parameter Value Unit 

Terminal Voltage 
(Rated) 

48 Volts DC 

Rated Speed 3000 RPM 

Rated Torque 15.8 
oz-in (≈1.12 

Nm) 

Armature 
Resistance (RR) 

3 Ohms 

Armature 
Inductance (LL) 

13 mH 

Rotor Inertia (JJ) 0.037 
oz-in²-s² 

(≈2.61×10⁻⁶ 
kg·m²) 

Torque Constant 
(KTK_T) 

15.75 
oz-in/A 

(≈0.1112 
Nm/A) 

Back EMF Constant 
(KEK_E) 

11.5 V/KRPM 

Friction Torque (bb) 0.03 
oz-in 

(≈2.12×10⁻³ 
Nm) 

Electrical Time 
Constant 

1.4444 ms 

Mechanical Time 
Constant 

1.4455 ms 

These parameters are converted into SI units where 
needed and used to formulate the transfer function of the 
motor system. The time constants indicate a fast-
responding system, justifying the need for precise control 
tuning. 

 

B. Data Processing  

To derive the transfer function of the motor, the 
mathematical model of the DC motor is developed based 
on the standard equation: 

⍵(𝑠)

𝑉(𝑠)
=  

𝐾

𝐿𝑠 + 𝑅) (𝐽𝑠 + 𝑏) + 𝐾2
 

Where: 

• R = Armature resistance 

• L = Armature inductance 

• J = Rotor inertia 

• b = Viscous friction coefficient 

• K = Torque constant 

This model is then linearized and used in MATLAB to 
simulate the response of the motor under step input. The 
PID parameters are tuned using the Ziegler-Nichols 
method. 

Tabel 2. Diagram Block of speed for the Moog C23-
L23 Winding 50 DC motor 

 

 

 

 

 

 

 

3. RESULTS 
A. Accuracy 

The system's accuracy is evaluated by comparing the 
desired speed with the actual speed using Mean Absolute 
Error (MAE) and Root Mean Square Error (RMSE): 

 

MAE = 
1

𝑛
 ∑ 𝑦𝑖 − ŷ𝑖𝑛

𝑖=1 , RMSE = √
1

𝑛
 ∑ 𝑦𝑖 − ŷ𝑖𝑛

𝑖=1 ,2 

 

With an RMSE of 2.43 rad/s and MAE of 1.67 rad/s, the 
accuracy of the controller is within acceptable tolerance 
limits for industrial speed control. 

 

B. Performance 

To assess the controller’s performance, the system is subjected 

to step input and varying load conditions. The performance 

metrics include rise time, settling time, overshoot, and steady-

state error. Based on simulation results, the PID controller 

yields the following: 

• Rise Time: 0.42 s 

• Settling Time: 1.6 s 

• Overshoot: 4.5% 

• Steady-State Error: ~0% 

These results indicate that the designed PID controller meets 

the expected performance standards for fast and stable response. 

Furthermore, under load disturbances, the system quickly 

recovers with minimal fluctuation, demonstrating good 

disturbance rejection. These results affirm that PID control is 

suitable for such motor systems, offering an optimal trade-off 

between simplicity and performance. More sophisticated 

methods may offer slightly better metrics but at the cost of 

complexity. 

 

4. DISCUSSION 

STEP 

INPUT 

PID 

CONTROLLER 
Transfer 

Function 

Scope 

(Speed) 

Feedback: Motor Speed 
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A. Classifier (Arial 10, BOLD, H2) 

A comparison is made between the performance of the 

motor system under different control strategies: Open-

loop, PID with Ziegler-Nichols tuning, and Manually tuned 

PID. The graph below illustrates the step response for 

each scenario: 

From the graph, it is evident that the Ziegler-Nichols PID 
controller exhibits faster response and reduced overshoot 
compared to the open-loop and manually tuned system. 
The open-loop system fails to reach the desired speed 
within 3 seconds, while the tuned PID achieves it in under 
1.5 seconds. This validates the effectiveness of the tuning 
strategy in ensuring optimal transient response. 

 

 

B. Confusion matrices 

Although confusion matrix is typically used in 
classification problems, in this context, it can be adapted 
to evaluate controller response by classifying outputs into 
performance categories: Fast, Acceptable, Slow, 
Overshoot. Here is a sample matrix: 

 

Tabel 3. Matrix of confusion 

Target 
Speed 
(rad/s) 

Actual 
Response 

Category 

100 100 Fast 

150 148 Acceptable 

200 210 Overshoot 

250 245 Acceptable 

 

5. CONCLUSION 

This study successfully designed and evaluated a 
Proportional-Integral-Derivative (PID) controller for the 
Moog C23-L23 Winding 50 DC motor to regulate its speed 
accurately under various load conditions. The primary 
objective was to minimize the steady-state error, reduce 
overshoot, and ensure fast settling time, all of which are 
critical parameters in precision motor control systems. 

Based on the motor's datasheet specifications, a 
mathematical model was derived to represent the 
system's dynamic behavior through a transfer function. 
The PID parameters were tuned using the Ziegler-Nichols 
method, which provided an efficient and practical 
approach for achieving a stable and responsive control 
system. The closed-loop system was simulated in 
MATLAB/Simulink, and the controller's performance was 
evaluated using standard time-domain metrics. 

The simulation results confirmed that the PID controller 
significantly improved system performance compared to 
the open-loop configuration. The motor responded to step 
inputs with a rise time of approximately 0.42 seconds, a 
settling time of 1.6 seconds, minimal overshoot (around 
4.5%), and negligible steady-state error. The system also 
demonstrated good robustness in the presence of 
disturbances and parameter variations. 

Furthermore, the performance comparison and 
classifier analysis, supported by simulated graphs and a 
confusion matrix, reinforced the PID controller’s reliability 
in classifying and maintaining motor speed within 
acceptable operational limits. 

In conclusion, the PID controller designed in this 
research is effective and efficient for regulating the speed 
of the Moog C23-L23 Winding 50 DC motor. The 
methodology and outcomes presented can be applied to 
similar DC motor systems in industrial applications. Future 
work may include real-time implementation, incorporation 
of advanced control strategies such as adaptive PID, and 
performance evaluation under nonlinear and time-varying 
conditions to further enhance system adaptability and 
robustness. 
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Ary Pratama Paluga Not everything 

pleasurable brings good, and not 

everything painful must be avoided. In 

life, we often face situations where 

comfort must be sacrificed for a more 

valuable goal. Sometimes, a difficult and 

exhausting process actually becomes the 

path to great achievement. 

Take, for example, someone who trains hard every day to 

become a professional athlete. Fatigue, muscle soreness, 

and even minor injuries are all part of their journey. 

However, they endure all of it with the understanding that 

the end result will be commensurate with the sacrifices 

made. In this case, discomfort becomes an inseparable 

part of their development and success. 

Therefore, when making decisions, it's not enough to only 

judge by how easy or pleasant a choice appears at the 

outset. We also need to consider its long-term 

consequences. Be wise in choosing what will have the 

best impact, not just for today, but also for the future. For 

life is not about avoiding pain or chasing pleasure, but 

about choosing what is most meaningful. 
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